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INTRODUCTION

The Scotian silver hake iz one of the most imporfant commercial
gpecieg in the inf:.national £iiwestis. Optimization of the fishing
for this apeciles gl devoalonzan: of mazaures for menagement of bio-
logical resources in this region must be scientifically based. For
stock and allowabl> catch assesumnent, the data on catch composition,
mortality, paramz%t:vs which 2heracterisns the growth, ete. are requi-
red., The studies of a2za couwoaition and rate of growth relative to
body length and weight are very significant., For inzfance, Waldron
and Fanning (1986} rsported that the insrease of the mean weight by
age i3 indicative of the fact that the population had been under-
exploited.

The data on the growth of hake have been reported by the Cana-
dian, Soviet and Cuban investizators. The authors made calculations
mainly regardliess of the gex. As to the Canadian data (Waldron and
Panning, 1986; Waldron, PFanning, Bourbounais, Shoneell, 1988), the
figures of the mean weight by age give rise to doubts as they reault

rém the "length-weignt" relationuniﬁ. To obfain precise estimates
of the growth of the fish in the populstion and reliable data on
mean weight, which are essentiul for stock assesament we also attem-
pted to determine the parameters of the grow:h equation according

to Bertalanffy, separately by sex, for mean body length and weigh:.




MATERIALS AND METHODS
ALl the data were adopted from the AtlantJIRO archives. Among

them are the data used for:

- estimating the length by age for the 1984-1985 period (182 592

gpecimens);

~ estimating the mean weight by age and sex for the 1978-1986
period (5 165 sp801mens)

The weight, length and parametera of the Bertalanffy's equation
were estimated separately for males and females. The least squares
method was used to calculate the coefficienss of the "length-
weight" relationship. Several variants with differing number of
age groups were used to deterumine the parameters Woo , Lo 5 K

and t .
RESULT3 AWD DISCUSSICN
1. Rates of growth of body length end weight.

Linear growth of the Scotian ailver haXe in 1975 and over the
1983-1985 period are presented in table 1, and the graph ol itas
variation is shown in fig. ft.

The largesi yearly linear growih increment takes place during
the first year of life. The intensive growth persista till the
£ish is two and a half years of age. The linear growth slackena
in the third year of life when maturation of gonada cccurs. 3uch
a rate of growth persists in the males and females till they are
four years old. At the age of five and older the rate of growth
increases again. :

In the first and second years of life, actually no difference
in the rate of grdwth exists between the males and females. The
females begin to grow faster in the third year of life, this fen-
dency persisting to the end of their life. In general, & tendency
of variation of the lenzth by age is similar for both sexea: the
curve is negatively exponential in first three age groups, and
positively exponential afterwards. In samples, the females to nine
years of age are common, somotimes fen or eleven year old specinens
occur and individually the specimens of twelve years old while the
males are mainly represented by the four year old specinens end
individually by sev-a y-- 014 apeciaens., The only observed case

of occcurrence of a. 2ig., yoar old male was in 1985.
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The maximum length of the fémales in the gamples was 67 cm, and
that o the males - 40 cm.

The rate of ;rowih of tha hulzz weight differs from the linear
growth, The mean body weight of tne meles in the first year of life
is somewhat larger than in the females (50 g and 47 g, resgpectively).
Beginning from the age of tw>, howevar, the weight of the females
exceads that of the males, Later it gradually increases in the fe-
males, and after they are gix year old, when almost all males pe-
rish, the mean weight aharply increases, im particular, at the age
of eight, nine and ten.

The mean weights of the hake by age over the 1978-1986 period
are given in taeble 2. The graph of variation of the weight by age
is shown in fig. 2. The curve of age and weight for the males is
rectilinear for the first four years of life and negatively expo~
nential afterwards. Por the females, the curve is also almbst H
straight during the first four years and positively exponential
afterwards. A sharp increase of the weight in the females in the
late years of life can be probably attributed to the fact that the
proportion of the fish and squids in their ration increases with
the growth of length. According to Vinogradov (1982}, the femsles
of the maximum 3ize are exclusively ichthyophagous and are apt to
excessive cannibalism. The males do not change their focd spectrum
with age feeding mostly on the euphausiids and on thé fish to a
legser degree. Therefore the growth pattern of the silver hake
needs to be gtudied separately by sex.

There exist the other differences between our and Canadian

data. They will be dealt with in another paper.

2; "Length~weight" relationship.
The correlation between the lengith and weight of the silver
hake was studied from the data for the 1934-1986 period.
The "length-weight" relationship is described by the formula:
W=a- L
where W is the body length weight, g ,
L 13 the length, cn,

a, b are the coefficients.

On caleulating these coefficients using the least squares method

and substituting them into the formula, i} reads:
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- total
In ¥

Ina+bln kL
In ¥ = 1n 0,002 + 3,5145 = 1In L

W = 0.0012 » 1-+2145

Standard error SD%=2.97%
- for males:

W = 0.0029 - 5,°+2307
SD}% = 7- 29%

-for females:
W = 0.0011 » 1709333
SD% = 341
Ag is evident, the weight increases faster in the females than
in the males, and, in general, the weight of the hake increases

faster in the late years of life (greater than the exponent -~
3.2307 and 3.5333).

The graph of the "length-weigth" relationship 1s shown in figs.
3 and 4, Mari and Saba (1978) examined a total of 375 specimens,
with 96 males and 236 females ratio. The fish were sampled during
one cruise of the nhip "lala de la Juvenﬁua". The reported formula
wed as follows:

W = 0.002865 . 12+229476

3, Bertalanffy's soowth equation.

Por assessment =i %-s ontimum c2teh size, the mathematical exp-
ression of the growth is required, wiich may both characterize the
initial data and be useful in the analytizal atudy of the growth.
The Bertalanffy's equation satisfies all these requirements (Von

Bertalanffy, 1934, 1938),

Leo » (1 - o7k(¥=%0))

|
]

e—k(t—to))B

S
1]

£ Yoo (1 -

As itms alrezady been stated, the paramesers K, to, Los and Weo

were calculated using; different varianis.

3.1. For femalas:

four variantg were used: 7, 8, 9 and 10 age groups resulting
in different growth eguationa.

It has been found that the more the number of age groups the

smaller the difference batween the actual and theoretical wvalues




for the older age groupsa; therefore, we selected the variants with

nine age groups:

=
n

0.019 to = - 3.4

0.054 ty = - 3.1

Woo = 115111.8 g

103 cm K

|
i1

Loo

3.2. For males:
just ecne variant was used: six age groups resulting in:

[}

0.3453 t0= ~0.9
Leo= 43.3 cm K

t

0.2507 t0= -1.6

It is known that for the biological organiasms, in general, and
for the fish, in particular, the curves of {the growth represent an
assymetrical sigmoid: with an extended right branch (Roice, 1975;
Ricker, 1983). However as stated by Nikolaxy (1974), the existence
‘of the common formula of growth which would satisfactorily characte-
rize the gfowth of the majority of fish species at all developmental
stages of the cntogenesis is impossisle, though the formula of the
Bertalanffy's equation yields =atisfactory results,

A3 can be seen, of all the varianis ror {the females the only
variant I1 evidently suits the paramsiers 01 , L , k and to. 1t is
indicative of the fact that the growth Incr:ment in the 3ilver hake
femalea gubmits to the regularities of growth as per the Bertalanffy's
growth equation until they are eight and then procueds faster,

The calculation yielded increadible results. It can be assumed that

in females, the growth curve from the Bertalanffy's equation reflects
only early and middle devslopmental stages in the ontogenesis when

1t still remaing positively sxponential; at later stages it may turn
out to be negative and approach the asymptote, however, the hake

do not live to that moment.

In the males, the thecretical asympiotic growth by weight and
length is congist ent with the data. The equation for the Scotian gilver

hake male growth reads:
L, = 43.3 (I - 3-0.2507(t+1.6))

w = 435.8 (T - 8“0.3453(t+0o9))3.

t

1
At the age t = o to, the hake attain 0.63 L and 0.25 W ag

I

L, = L{t-e"') = 0.63 Lo

t

W, = Wl 1-¢" 1) = 0,25 W,

The inflection p. "=t in trhe gilver hake malss occura when they
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attain the length of 27.3 cm and the woignt of 109 g (at the age
of. 2). -

For the females, the equation is as follows:

Lt = 103 (I - 0"0'0544 (3'73-1))

W, = 115111.8 (I e 0-019(8:3.45,3

SUMMARY

The peculiarit, of the gilvar hake growih is that the males grow
glowlier than the fomales and live four years in mess while the fama-
les grow faster and live to Siz yeurs in mass. The rates of linear and
weight growth of the femmles do not slacxen with a2, which can be
explained by & ftransition to intensive feeding on the fish at older
age. ‘

The "length-weight" ratio with s greater index in the pcwer
(b = 3.5145) showed that the curve of this relationship for the hake
13 more rounded than for the other fish species. The curve is more
rounded for the females than for males.

The parameters of the Bertalanffy's growth equation (wo and L)
appear to be realistic for the males while for the females these
values are considered to be formal and theoretical, though the equati-

on itself is reliable'énbugh;
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Fig. 1.'Yearly increase of the Scotian silver hake males and

females length (in 1981 to 1985).
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Fig. 3. Length and weight of the Scotisn silver hake in 1978 to
1986.
for males V= G.0023.75

51
for femal -3 7 = 0.0071- L »2333
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Fig. 4. Leng*h and Weight (total) ¥ = 0.0012'L3'5145
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Fig. 5. Typical curve of increzize of aguatic animal growth.
Inflection point usually occurs in the first nalf of life

at W, = 0.236 Yo (According Lo von Bertalanffy).
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